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AHS TRACT OP THE DlSClOSUftK 



Ligmn is precipitated In high yield? and hi^h rates fri>m 
a black Liquor produced by pulping wood rtt hi$h temperatures and 
pressures with an aqueous Lover aliphatic alcnhnl solvent. Ttaa 
lignia is precipitated by diluting the bUck liquor with *&ter 
and an acid to form a solution with a pH of la*s than about 3, an 
alcohol, convene o£ less than about 3D£ by voLtiifle and a tempera- 
ture r>€ . lees than about 60°C. The precipitated Ugnln, *heT\ 
subsequently dried, Ijs in tha form ol * powder vhloh requires 
liLULe or no crushing to convert it'inCo a Eine uniform uizc 
suitable for uee without further significant processing. 
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1. Froce&n Tor pr«i:I |». tutin^ U.RnLn from a solution oP 
LHjnLn in n water Kdscible or^ainies sAWmfc, conorLaLa* the stop 
oil diluting thfl 1 igiltn-oonCai ulnf, solution with wnLer awl an ncfi 
no Ecita « !RUircKi Aqueous auluclim wiLh; a p>>l of Iiwm r.han about 
«a nrftunLO «oLw«uC uontenL ot less than about 307* by volume 
ai^d a ccfflpti'tttuue of f.ee*s tlmn about 60°&. 

2« Tbb pruMvft p£ "Cltii.ni I, wherein tba mrfiRvric koJvhtiJ-. iw s 
lower ulipHal:i.c alcohol of 1 to 4 curbun atom?, 

3. The prnMM o* Rial" 2» w)u«r*in Lhe diluted aqueous 
tfoluiton tiaa a pH of less th^ about 

4. The process u£ Claim 3, wViareln the diluted upiBmiir 
solution hers a temperature- oi about 25 Co H°G. 

5. The process of Claim ^ irth«n»tn the diluted aqueous 
solution baa ft tampftrKfcura of about tu 5& W C. 

• 6* The prueesa of' Claim 2> wherein tbc dlLiftftd rtquecma 
soLut-Lcm hft« en alcohol contort ol" about ID Ln 25% by volww* 

7. "flie process of Claim t>, wborfcin f'.H« diluted aqueous 
sol.ut1.cm has an aJ.cohol cootoiil »r about 1.2 ho 21* by volume 

S. The pxneeaft of d Cilcn 0 , (flier* £n Lh« diluted aqeuous 
solution has a teinpei'rifcm'F. of About. 35 tu 33°C and a pH of abouL 
1:5 In 2.5. 

9. ibn p^rc^Hfl of (n.sin «.» »bcr«L^ Lha dtfi.ifcFd aqueous 
an1.ut1.on has el tups ra turn of about AO to 50°C and on alcohol 
content liC nbuui: L2 Do fell by volume. 
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1(V, The pruce*« u.f CJetu 1» vhcTCln Lhe LLpif Ti-cantRLnlng 
HoJ.ution contdlu water bclure u: is diluted with wkU«t unci 
acid. 

LI.. The. proB«fttf of Cla/Jti 10, whtrein hl?e Uferdn-concaliilttjCi 
solution L* iutiraeLKiy and rapidly wf.xcd with * mi * i:\itk oi: the 
water eiul «cid to form the diluted aquonua solution. 

12, TIil- pvoveBS of Claim 1, wbar^i.n Uhe 11 en in-containing; 
fcpiluUicm is obtained by: MrotAoC tag wood or other fibrous pUnL 
material with tlia organic Br>lvp.nt « t ai\ elevftLed' L RmpftiratuTA ond 
au elevated pressure. Co produce, a cetl.u'1 oam pn3p and a black 
Liquor containlnfe lifciiiu uruJ Lhe" organic solvent; and Uhwi 
separating the pulp From Lhe black liquor. 

L3. The pi-ecess of Claim 12, wherein the ncld and water arc 
In a mixture which* also ccarjUiina hemi cc].1u1ok«b, other flArch.ir- 
idew, e^frHcLiveis and Jj£nin with a woletuUr weLfcht oE less than 
about.4uU fc/fliol. 

14- The pvoctsfi of Glaitu 1.3, whnrola the acid utu! vaLer ■ 
nixtairu Lb a recycled aqueous field obtpi.npd by: diluting the 
hllack liquor with the aqueous- aci d to fort* &. diluted black airjnnx 
J!ri)ju which 'LLfinin If; prnc I pi tilted, leavtiVB a Oracle liquor 
BuperriBtmii: j removing the* blacfc liquor precipitate IYohi Hie bUck. 
liquor supernatant; rEinoyf.n^ the. organic KnlvanL fro™ r.bo black 
liquor Kvperpat-.arjt to pruduce u resirlwil black liquor duper- 
n/ir-niit^ ana then re«yei5n& a portion of the. mal du»1 M.ack liquor 
Giipfi'x*n«t*<nl: for use", a:; the aquwouH ar.f.cl Irt dilating Llm black 
liquor* 

15, The pl'uee&K af Claim T.A, wherein Che orgimic, «nf.vRmJ; Is 
a lowur allphnLic alcohol of I to 4 tiarbon wf.CHW . 

16- The process oJ: Claim 15, wharp.ln tte diluted black 
liquor has a tfH oi: Igk* than about 2-<i. 
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17 « The process o£ claim IG, whorein the diluted 
black liquor has a temper a tvre of about 35 to d C. 

IB. Th(5 procRBB of ulaijn IS, wherein the dilutleri 
hlzcM liquor ha* an alcMiol content ofi about 10 to 25% by 

volume. 

19. tfha process of claim IB, wnarGin fcho diluted 
black liquor has o PM of about 1 4 9 to 2.5 and a 
temperature of about 35 to SB^C. 

20. The procRRs ot* claim 19, wherein the diluted 
black liquor has o temperature of about. 40 to 50 °c and an 
alcohol content o£ about 12 to 21% by volume, 

31, The prucoHiJ of clftlltl 14, utierein the hi ark 
liquor contains water before it ie diluted with the 
recycled aqueous acta* 

22, The- process of claim 21, wherein the blacx 
liquor is lntimataiy and rapidly mixed with the* recycled 
aqueous acid to fosm tbs diluted black liquor, 

23, The process of i:laim IS, wharein the black 
liquor has a tsniperatuirts o£ about 70 to S>5°C and tlia 
recycled aqueous acid has. a teropeTabure ft£ Ifcss thtttt about 
S0*C, 

?,d > The process of claim 23, wherein the black 
liquor htifi a temperature of; about fto to 92°c and ths 
recycled" aqueous acid ha* a teffif>arQtura of about 25 to 

25. A iignau precipitated by the procesB of claim 
1 havings a nufob&r average molecular weight of about GOO 
to 1500 g/mol; and a polydia-per&ity of less than about 4, 

26, The lignin ot claim 25 having: a number 
average molecular weight nr* about 900 to 1300 g/mol; Bind a 

. polydispci'aity nf! no mora khan about 3. 
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27. 'i'hR lignsn qf frlaiui 26 having: a 
polydispersity of only sbout 1.5 to 2.7. 

2B> The Ugnin ofc Claim 25 which is a vatfte, a wet 
caka or a pnwilar. 

29, A ltqnin precipitated by the process of claim 
12 having; □ number average wicileculai -weight ot about 800 
bo 1B0O g/mol; and a polydisperaity od loss than abaur: 4, 

30. The lignin of claim 29 having: a number o£ 
average molecular weight of about 300 to 13 00 tf/mOl; ana * 
polycliBP&isity of no moire than about 3, 

3-1. Thi» lignin of • claim 30 having: a 
polydisporsity of only about 1.5 to 2.7. 

12, The lignin of claim 29 which is a po&te, a wet 
cake or a powder- 

33 » A lignin praflipitatAd by t.h« prolan ot claim 
• 13 having: a nacnher of average molecular weight of about 
BOO to 15C0 g/mol; and a potydisperBity of less tb&n about 
4. 

34, THe ligiux) pf claim 33 Havings a number 
average molecular weight of about 900 bo 1300 q/mol; and a 
polydiep^reity Of "no more than abnnt 3. 

35, The lignin of claim 34 having;- a 
polytliepersity af 'orily about 1.5 Lo 2.7, 

*36, Tne lignin of claim 33 whicli it* a pnste, «i wHt 
cuifca or a powfiar. 

37. A lignin precipitated by the process of claim 
14 having: a number average molecular weight of about Bi] n 
to 1500 g/roal; and a polydiBpetsity of lea* t hnn ahout 1 . 

E 
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The litjnin of claim 37 having: a number 
uvtaracfti jnolecular weighU of about 900 to l^flfl g/mftt? artd a 
poily&ispcrsACy Of. no more than a.t?gut 3. 

39 Tha lignin of claim 36 having: a 
polydi&porsity oE ooly about'. 1,5 fco 2-7. 

40* the Ugtun claw 37 which .\& ? pante, a -wp.t 
caka or a powflar, 

41, A ligrjin havings a mmihai: avamgft wolacular 
weight of about to 1S00 g/mol; a polydispessity of 

J.hsb than ahout 4; and a rn&thoxyl LJOJitcn-t approjtijnn bcly 
equal to that □€ ngtlve Ugnin. 

43, We Ugnin of c'uira 41 Havings a number 
avarag© molecular weight of aboub 90D to 1300 g/mol r 

43, The lignSn nf claim 42 having: a 
polyflispersity ot no mora tnan about 3- 

44, The lignin of claim, 43 havingi a 
polytfispor&lty of only about 1,S to 2,7, 

45, The lignin of claim 41 having a glass ■ 
transition tomporature. 

46. Thd lignin of claim «rberein the gila«R 
trenaitioTi temperature iff about 1Q0 to 17Q°C- 

47. The lignin dT olaim db, wbfi.Ttfin the glaEE 
bransitioii temperature ie" about 13 Q to 15CJ D C. 

48. The lignin of cluim U whaefc ia $ pa3ta, a vat 
cahe or a puw&vx , 



E 
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CLR IMS SUPfrOOTEifc) BY 'fHE SU PPLJMJfliT AKX DISCLOSUR E 

4£i , T>roces* £or precipitating Lignin from a solu- 
tion oi lignin in a water misciblc organic solvent , comprising 
the step of diluting, the lignin- containing solution with water 
ana an acid to form a aiXvted aqueous solution with: a pH of 
less than about 3, an organic solvent content of less than 
abnut .10* by volume and a tetfuarature of l*ss than about 



solvent is a luver aliohafcic alc^hnl of 1 to 4 carbon ato/as, 
therein the diluted aqueous solution hab an ulcohol ijontcnt 
about 12 to 22* by volume and a. temperature of lesa than 
about 65°C. 

51. The proo&ss of claim 6 wherein tte diluted 
aqueous jfQlution haa a pH nf about 1,5 to 2,5, 

52. The process of claim 51, wherein th*» diluted 
aqueous solution has a temperature of about 3D to sri^c arid an 
alcohol ocmtftAt a£ About 1?. to 21*4 by volume, • 

53. The process of claim 18 r wlierei-n the diluted 
blacfc liquor hac a piS of about 1.5 to 2*5« 

54. 'i'he prooess of clairo 53, rtiucein the diluted 
black liquor ha* a temperature of rabout 35 to 55.*C and an 
alcvhol gontent of about 12 to 21*fi by volump. 



5fl. The procoGS of claim 49, wherein the i>r-£u.n.ic! 




- n- 
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55. a process for producing lignin f.rom a black 
llqwoT cbmprisinq a solution of Lri.^nin, tiamiecillulose, and a 
water miscible organic solvent, comprising tha steps oil; 

precipitating lignin solid* by diluting said black 
liquor vrith water and Rcirt under conditions to form a 
diluted residual black liquor including a diluted residual 
black lirnior supernatant and precipitated lignin solids 
which arc free JErcm tho formation of tarry litjjiin precipitates* 

racovoring said llgnin by separating said Ai<jriin solidc 
from said diluted residual black liquor supernatant. 

!>C „ a process ac in claim 55 further including the 
step of flashing .ratid bUck liquor to form a residual black 
liquor after recovery of a portion of said organic solvent, 
under conditions which cool the residual bLacfc Liquor 
without oaaEjing prematura precipitation of aaid liqnin. 

57, A process, us in claim *&/ wherein during said 
t'l&ishing step sairt residual black liquor is cooled to a 
tomperarurfc within r.he range of *bout irom 70 °C to 95°^ . 

^9. a process ior producing lignin, us in ci&iiTi Sto* 
wherein said conditions include the formation of a diluted 
i:esidna.l black liquox solution having a pU of Leas than about 
3, an organic solvent content of less than about 3D9 by 
. volutin, and a temperature of lea? than about 75°C, 

55. A process, as in claijn -^6, wherein said ^stex 
And acid utilised in diluting said residual black liqueur 
is an aqueous a<jid obtained by removing organic solvent 
firoft said dilutod residual black liquor supesrna Unt to produce 
a residual black liquor bottoms stream and recycling a portion 
of said residual black liquor bottoms stream for use as 
said aqueous ecid- 
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60, A process r as in claim "j^, wherein said residual 
black liquor kottoroe stream is ooolod to a tamperafcurfl of 
Ibsb than aboub 50°C priur to iyaid i:ecyoling step and said 
cooled residual tai.ick liquor bottoms cere.*?'-, is used as said 
aqueous acid. 

61* A process, as in claim 59, iriuaraln recycling a 
portion of said residual black liguor bottoms ctraara comprises 
adding a water solubla acid to said residual black liquor 
bottoms stream to for«i an aqueous solution having a pH bo two on 
approximately l.o and approximately 3,0, 

$2, a process for producing lignin comprising the 
steps of: 

con Uac ting wood ox other fibrous plain material «i.t--h an 
aqueous organic solvent to produce a cellulose pulp and a blacic 
liquor containing lignin arid heavleeliulose; . 

separating eaid pulp £rom said black liquor ? 

flashing said black Liquor to form ti residual black 
liquor with recovery of a portion of said organic- solvent under 
conditions which cool the residual black liquor without causing 
premature precipitation oi said lignin; 

di luting eaid residual black liquor with an aquaous 
acid ti> form a diluted residual black' liquor supernatant and 
precipitated U.gnin soli43 r free from the formation of tarry 
lignin precipitiitRS} 

recovering sale lignin solitfD by separating sa;Ul lignin 
solids from said diluted residual black liquor auparnauanl; 

r moving said organic solvent frora s*cirt diluted cesidml 
black liquor supernatant to produce rusidual black liquor 
bottoms stream; 

recycling a portion of -said residual black liquor 
bottoms; strgacu for use as said aqueous acid in diluting gaid 
residual black liquor whereby said residual black liquor is 
diluted with said aqueoue acid under conditions to form a 
diluted residual black liquor supernatant and precipitated 
liqnin solids, free from the forma b ion of tarry lignin 
precipitates ; 
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r&oovering saitf Ugain solids by a&pftrating said 
lignJ.o solids from said dilufc&tf residual blAfik liquor super- 
natant* 

5 3* j\ process, as in elalM &^ wherein during said 
dilution step, the ratio of *ei%idual blaclt liquor to aqueous 
aLcjj.d solution is In the range, o£ Troro about 0,2 to 1-0, 



R. WILL Alt'. WKfcY fr ASSOCIATES 
BOX 2 7 GO - STATION D 

OTTAWA j CANADA KIP SWB 

PATENT AGENTS FDft THE APPLICANT 
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64, /m apparattia fos racovariag a precipitated iignin 
coRipwotit fro* * black Uqwr by-product ptoduotf fey pulping vood 
or otter fibrous pl**t nwteriftl with a l#afe«r i*ifl2oibla «g*nio 
Bolvant. co^p^iflia^i insane (a) £©r diluting th* blade .liquor with 
Art aquooua aoid tQ precipitate ligain frozfi r*auitiAg diluted 
black liquor and H&avo * Ugnift-dapLatad Bupwnatantj tmd nuaiic 
(b) fax ther*tft«r ^apartting the pxecipitatad lignin from th* 

'ligiiin-daplttad supernatant . 

65- T)io apparatus of tflaia 54, vh.leh further carajariaait 
meaAe (c) for reeving ttw colvont from tha lignia-deplotid 
4up tt rnatant to forrt ft aolvant- and 11 gfdtt- depleted aupamatant. 

66. Efca sppasatu* of c?Uijit 65, ttfaich further enqprlMas 
ssauis (dj for recycling- s portion of tha solvent* and Ii^r.*n- 
dapieWd aupamitant to th* diluting nun* (a} for us* as tt;* 
ngyoous acid* 

67. apparatus of claim r,4 r vfcxeh further corapriaasf: 
ttBaim fa) for nabvlHg & portion of. tha aolveftt from the bLacK 
liquor bo£ors diluting the black liquor i« n*an& 

GU. tffhej apparatua of claim «i7, rtiich further cDrcpri***: 
nana (<> £w adding a atraaig water soluble acid to the otlveat- 
and lignin-deplatad auparnatant bifore recycling it to the raaarw 

(a). 

69. VM apparatus o* claim vbatfein the nauis (a 
somptfiwsa «i«n* [g) for intimately rapidly mixing th* ^Urb 
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~iquor with tho aefuaoua acid, whereby thft ligjiin pr*o.lpitatca as 
fine solids « 

vo. Tha apparatus of claim 63, wtaroJn moans <$J further 
includwa jmsan* (h) far co-aliao; the wixfcure of the black li««or and 

71, The apparatus of olaitt €9, wtaradn m^ana coinprise* a 
diopctraiion utix*r k 

further comprise*, means (i) tor dAlivwy «f a Btraam of the 
aguaous acid and jnaana ( J ) for delivery elf ft final y divided stream 
of the black liquor into alcana (1), vheraby the ra*idmd black 
liquor ia rapidly mixed and anol$d by tha stream of the aquacus 
acid in ftieana (i). 

73 > An epparatue for recovering- a pra-cipitatad lignin 
component frora * black liquor. by-product produced by pulping wood 
or other fibrous plant mat axial vith a. Mter rtiBcibi* organic 
advent/ ccmpriaijitji af means for intijitata-ly and Vapidly mining 
the blacJt liquor vith tha aqrueoue acid thereby diluting tha blacK 
liquor With .the aqueoua acid to praflfpJtatt 1 ignis from tha 
resulting diluted black lienor and laava a ligAin depleted 
auparnatant j b) insane for cooling of the mixture ti tha black 
liquor and atfueous acid during the Intimais and rapid mixture 
thaxaof j atxd c) maan* '.for separating the precipitated lisnin from 
tha llgftin d«pi«ted auporaatawt . 

74 » The apparatus aa la claAfli 73, v&loh further compripeej 
d) itidflUB jfor removing solvent from th« li^nin - depleted 
iupftrnatah J i to *<?rw a residual biivX liquor suparsasant (strippar 
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bottoms) and «*a»* £or recycling the abripper battofla to tho 
tecaftft of subparagraph a) £o* uae aft the a^aauA &cid, 

75. x9iq- KppsratBBi as in claift 73, which fur&har m4P*1h* 
flaah tenk jbum for flushing tbe'blule liguor, roeoverijig * 
portion of tho organic fcblvent, and forming * residual Uiek 
liquor which is tharflttfter din sharped into the waaaa of 
subparagraph a) &b the bXacfc liquor which ifl latimnfcaly and 
rapidly mlxfld vita ttfl* aqueiraB acid, 

76. jlhB «pparatue of plad.ni 73 * wfcrcain the weans of 
aubparatfrapn a) compriaes a diaparaion ttiadr. 

77. Th© spparatun of claitt 73, vhoroin the waanfl of 
subparagraph a} further cromprieaa: d) moang for delivery of a 
*tr*aJn of tb& arjuaotts acid and «) iftftartB f or. de-^ivory of i .finoiy 
divided streairt of the blacJc lienor into thf? ncaaa of aubp axagrapH 
d), wheraby tH* raaidual bia^k liquor 1 -let rapidly mix** aid sooled 
by ther atr*afl of the aguinnue acid in thu ae*n& <?£ subparagraph 

?«♦ Art apparatus for recovering a precipitated Hqa*n 
conJjjflttBiJt from a black liqueir by-product produced by pulpit wood 
or other fibrous plaint material with a water HlMdUt organic 
solvent/ comprisi&gr a) means for diluting- tba black ligu&r viw» 
a» a^'RiTUtf aoid to prraxipittrte lignin from th« resulting diJutftd 
black liquor and leave 21 iignjLn~dapl*ted supDJJwcsAt vfcar«in aue?5 
ntitnn further inrludas (ij sioane for delivery of a *trtt<yu «■£ fch> 
avenue &eArf> and (ii) meana' for die livery of- finely divided $txe>«UB 
of the black Lifjusr into the means of subparagraph (Hi; * bum 
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for thereafter jaapwratijig the precipitated idgnln £ro« the XlgnlrL- 
dap L« tod supernatant? 

75. An apparatus roc recovering e prycipJUAfc *d Ugnin 
conipGRont! from a ttUefc liquor by-product produaad fcy pulping wood 
or othar fibrouj plant ra*t«riAl with * tiisdLbt* o^nic: 

solvent , comprising a} roaaae for Hash**? th« black Id^uor «id 
recovering * portion of the organic tolvaxrt thereby, coollxto; tbe 
black liquor &rkd forming a residual black liquor; b) maaiifl £©r 
diluting the raaldual blftOk lipjuor with An arjueoua tcid to 
prflctfpitata Ugain ftwx tho martin* diiutad r«idual black 
liquor *ad leave ft lignin-deplQtoci supernatant* fiftd f> mawaa for 
thereafter asperating- Urn prftcipitatad Utjrtvin from tb* llenin~ 
da^leteo supernatant. 



K. -WT1LIAM WAY & ASSOCIATES 
P.O. BOX 2750 - STATliOS D 
OTTAWA - CANADA 2UJ> SWfl 
FATCflT AGEBT FOB THB APPLICANT 
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1367648 
-l- 

PHOCKBS FDR LTONIfl MEDVtWY 



thin lavention ralatas Co a proenss Cu£ «eov*rin ? Ugrrin 
fro* a solution oC U*ni.n 1p a water -iwlbT solvent 
such at a Jo«« aliphatic alcohol. Shi* Iwcntlon particularly 
relate* i.o a pvocew lor MKiwrtng llr."lo the alcohol /wauer 

extract or "block liquor" produced as a by-product of the pulpitis 
of wood or othar fibrous; plant materia f with an alcohol and *at*r 
solvent ut olBvot«d impuraturM and . ?""u« S lc produc* a 
uelluloae F xlp. TM* invention alw ftUtw u> a ll B aln produce 
produced by the process. 

Processes lor true lug wood 'with organic solvent, such as 
alrohofs. to separate the «ou<i'a tlgntn, bBialcolluloaa , angar nut] 
,eliulo*> ration. are tmw well W>. See. *W erample, 
KUi.TM.TC et aL D«S< patent 1,856,567 and KloliiMC U.S. MUmL 
3 585,104. Such »nl.v«tir. pulping proueaaea- Rav« appeared to be 
auLracL'l.va nl fcawnrtvoi to conventional, chemical ptrlpiuft pro- 
cesses, sue* as ktafC und HulflLB pulpit* proaeiiBaa , which surfer 
£««■ r«l*tivB ly hf X h «julpw.nr. msCb and pollution -pwMaJM. 

On. uolvenL pulping process, disclosed ia OU.bold ««t al U.S. 
Patent /,,f.0O,0j.o, has appeared Lo be parJ-.LcUUcly attractive in 
provldlna highly airiclent recovery of its alcohol, aolvaat 
/separation of the cnVUUoeo <md Hgtiin fractions of weed, and 

• recovery of cellulose pulp irtth no appreciable air nr ntit 

• pollution nr solid w«r.e products. Thin painted process has also 
provided hardwood pulp* with yields, strength*, Kappa numbers v 
viscosities, fiber atreogtha and bl eacliabl 1. 1 ty characteristics 
Chat are aqua! to or better then krntc and yiillU* hardwood 
pulps « 



However, Che recovery of Utnln from Cha al cohol /nater black 
liquor, generated by the solvent pul.pi.ty! process oE DUbnld et »l 
U.S Patent 4.L0O.OIS. has been relatively lnatficlflut and 
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difrteuu be cc««el.. ugaia has been recovered rtoi the black 
liquor m this p. tent by Fi.v 3t eerlppt,* ( P r«F e rfl b .y vacuus. 
NUjppin B ] alcohol fro* Che bliusk Uquor mid then separates Che 
liftuin which peeelpUete. from the scupper bet lorn or tails 
(preferably by ehlatonl^, ond fchen cwiti-lfuj*n» ch. nmti-Lri 
aalld* frci th« tripper h«toi»). Ilowevar, a pox«.r„ n of r.h R 
Li S r.i.„ he, tended Co precipitate a a a.acicky car or on the 
internal surfaces „<! Che B i. T fpp.r, thereby EoulJo* f.he stripper 
eeri eeduein, Ua arfleleaey 1» recovering a^hel ira* the bL«k 
Mquer. Vh* U W i fl m Bo lldH LlJIv:(ert to prerip5 tutfc ^ £hp 
et-ripp«r bottom ., . sticky aaorphous raa »., „h, cfl has becu 
rti.fftcuXf. to handle and fa&, reg.*,* eutoetentlel nreebtnic Co 
convert che lignin hubs inLn a powder, 

As a neuU, „,or« .effuse vays have b eBn snughl: fnr 
.moving Ugnin from the black U^uor produced by a solvent 
pulping procoee eueh ee l.-dl« e 1 va «d In Metanl.l e c «l. n.a. H 5 ^ nt . 
4.100,016. r>ne method baa leveled precipitins llftnia from the 
alcohol/water blue* li rj „or by dllutLllg u wUh Sco 
Kydbolsi, "Pulping Processes", pp. f»7a-fi/3, i„ t Pub- 
lished. Yark (197,). However,' this „*,.horf h«« ve.ulr.ed in 
very 3lo « scttlinR rat*. «r the UgnJlll| afld £n ROjl)e crtRKBi „ v 
stable eotloldel piwpea.lon wJf Che lignin hee been formed ehleh 
J»e been difficult to .niter ar centrifuge. There has M 
continuing need, etaerofer., tor a relatively „l«p!. H Wfly ef 
recovering li S nir, from an eleehel/eM,,. black n w In high 
y.elds em at high mtc. in « ea9y fco ho^llc aw j UBeIul foi . rn . ' 

In- accordant with chle invention, llftnie u preeipiucd ,„ 
hi. B h yield* «K Bt hi. E h ratco fro/s a *,| ah ten of ; -, tfinln ln a 
weber .leclble or A anie s„lv«mL by « procOB& „ r diiutUu Che 
LLBnlOHMiDteiiilaK ealuMen .inh W ar.c,: «,„| «„ acrid t 0 jforni a 
diluted aqueous eoUtLoti «l.th: a ptl of 1. eBS than about '3, on 
orgenlo solvent content of ie.-u th E n .bout 3Dt fby voU,er>, ai u5 a 
temperatu^ .£ I... than about 60»C. The preclpl bated ll K nin, 
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when Ruha^quently dried, Lh i.n tha i'onrj oF a powder which 
require* IIclIFb nr no cruohiuft to convert U: int:n *i Fine uniform 
tine autiabla .for use wLbhmib further ulgnLf I cairt proc©syi.n^. 

In accordance with annLher aspect oi: Ihla invention, a hovaL 
"Jignln jib pr&cLpLUited by the process of this* invention, A 
preferred HgnJn is characLuri ze.d by: a numb nr average i»uleuul/2r 
wft1.gb.t of a6uut 6 DO Lo ISOO fcAfcoi; a polydlfipftrnl ty of. Xpss than 
about 4; and a mcthojiyl cnnfcRnt appriMtfiMfcAly equal tu tliat nf 
native ll£iiin< 

BRI EP PKSCTIPT1DM O F T Hl-i MAUI H QS 

Fig. Lisa flow chart of * process for producing celluioHE 
pulp from wood l>y Creating the- ttnod with un aqueous alcohol 
EolVEint and Jt'or recovering ffjyniin frujn Lhe. alcohol Afeiter bi^ek 
Liquor tluiC i« a by-product of this pxocesG. 

Pig. 2 is a scticitoitic uecL'f onsl view [if an mcawplo of ait 
apparatus .for ui'ucipil-xLing 1 ignln Ei'ojri the slcnho.l/wttLp.-r black 
liquor £ruui the process of: Fig, i. 

I ?K" PA 11. E D DESCRIPTIO N OF VHRi ra &rttJC JOiD EMFJQMWOT 

the. process hham in Fig* ' 1 initially Uivolvp.fi. pulping a 
batch of wood chips tihat are. Loaded from a hopp«r I intu an 
extractor 2. The extractor 2 is aperRfled in accordance wH:h 
Diebold et si U.S. tatcot 4,100,01 fr at an aieyjiLRd r:cmporature 
(e.g., «bnut ffiO to 2IQ n <:) nn<} an clcvaLeci pressure (e.£«> nboi.il*. 
20 to 35 fltffl«Hpheroi3> and with a solvent frnuprtsinji: about 40 tu 
[by volume.) t>I a waLf.r misciM* lower- aH.phntio aicoho.1 oE I 
to 4 carbon atouiK (e.g.* me thaitol t cthafiolj .ifinpropanol or 
tcrt-butaTioU ; 2.0 to water; «n<i if ne«aWl r a small amount of 
a strong water solubLe Acid, such a* a mineral aeid hydro- 
chloric* sulfuric-, phosphoric or nitric wcicj) or an organic acid 
(«.S«* oxn 'J. ic acid). 
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tft. ,,od chl,, in l:hR eRtri|cL . (Jl . 2 flxft 
- r pP i« tf , Ba3 . vent . a ^ ^ .cc«ul«.' , 

fp^fcrnbly n „ t mn thua abMtt S) » ' * 

liquor in thfr extractor 7, i S disbar*,! w,^ 

«. UM °' lrow « secondary 

solvent acCu.uulat.or ft. Ah til* i-nrf ^ ,w ^rraary 



«<-«l«- 7- Ir..l. lu lta , ( 



oi«ol loL / M aL,r vapor* «r e ccuted flnc , rB cU -L 
^ 1 9 sluiced wit b u.f.er, pIpe d La „ holding Un'c 9 a*l I 

the primary, fifccrnidffvy and rruBU <snivpnc t f «««.ct« uy 

*x t r„ r u VBS il { f' nr hM,letsUw1 "-» "*. T Me«b.rtd„ anc. 
" tWV " ,:ep1ns ' KM., P^nois.nncl t^i^j 
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torn th. wood «nH the ethanol, Hild. ■«■ OH cta b,BEk 

liquor at a texture o£ about 1H0 Lo ?tn°C onti under a 
»M>ur> of about 20 to 35 mtmnvhvnt 1« tho caoovary f««d 
«ceu«ulator 5. «» ^cov.rod by Eiwt (loW.* H» *** 

liquor into a eianh WW* 11 tu f-cover pact o£ tba ath*nol . "»* 
ElKsb tiink 11 can be: »t at»a«ptorle F.ot simplicity of 

Dpefutlon as «L reduced pruiur* to farther K»t th* Muck liquor 
and Mhaitc- tt» alcohol recovery. The reduction in pressor* In 
cho Elash tank II parelrt vaporization o£ the othauol and 

leavaa tta TMlduai black liquor 1, tbA £l«h t«ufc .tth •« 
erhaool CDAttaE of about 30 45%, preferably about 35 to 40*. 
The reblduKl black Liquor Is cor»Ud durlnk this step to « 
ten.p«™fvirre of leas Ch-n about «° C , preEsrably dnw. ho .»houi: «> 
to 9Z°C!» but not hiilow about 70°C to avoid premature precipita- 
tion or Ujprtn i" tlw flMb.twk 11. ft- er.h a „ol/ W at*r vapor* 
abtuinod are condensed and cycled, along with «ty «We-up 
cthaaol, water end/or acid, to tho £re*h solvent accumulator 7 
Cor use in treating aubstepianC b«r.c.h*9 o£ wood chips. 

In acemdance wit* «Mi invention, llfftln Is. than grated 
fro* the rdaldual black liquor rl-lseb*r &S d £ro« 1Kb f lash tonic U- 
ThU stop in curried out by dllutLou and preferably cooling tba 
r.nLduaL black Hquor, as it luavae rhe flash tan* U, with water 
and acid to Eorto a diluted residual black liquor ultb: a) an 
alcohol content of less than about 301 iDy vulu.«l. preferably 
about 10 to 25*. particularly about. 12 In 21*, with a* alcohol 
content o£ about 8* .belo* a practi.r-.sf Kiioiau* lor H ub RM! um.t( y 
recovering tha alcohol, economically, bj a remperaturc oC Its* 
tbm about 60°C, preferably about 35 to 55°r„ particular j.y about 
40 to 50 U CS and c) a pA of Jess than about .1, preferably lees 
than awut 2.5, particularly about 1.5 to In tUU stap, 

particular unporaCUCBB ar« ..of critical, but providinp higher 
lenparaturfti t« *m diluted residual bUck lLquor will 
inc ,e BBe eetcllng rates of the Llftnln while decrees i up. . Us 
yields , About 60°c fs n "Miami temperature to avoid the 
formation of tarry llgnln pruclplMl*. and anient t«q»rattif« 
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(e.g.! about. 20 U C> i.« a practical minimum, although lower 
tempera Liir«s down no about 0"O can be used LI? few »efctl- 

•jng rate ft eau Ih> tolerated * AIko, particular pK*s o.ti the diluted 
Toaidunl b'Lflck llquur ace wc critical in this ttftgi but lower 
pH 1 » Increase l:hR yield of precipitated Li^ntn from the diluted 
rtssldual black liquor i . .tower, lofcerLtig, prt below about 1 
provides 11 tele or no additional improvement in ylolill, and for- 
th! 6 reason, a pJl oi a'bnuL ) lc a practi ca5 mlminum «* though 
lover pfcT's «m be \iHed. At a pW of "less than about: 3? ILfiifcin vrtl.1. 
precipitate f.roni the diluted rn#idu4l bUck Liquor in high yield 
and at « blfitx rate as fine solids, Itoeee lignin AnHrfs can thini 
be separated Emm c.lirc remaining diluted rasfrliuil Mode liquor 
supernatant in a conventional n«ier. Preferably » t:h« llgnln 
Bolide are separated by: allotting them to settle out. as a paste 
ot about 6 tn 12ft thy weight) »oltda in a conventional clnrtflBr 
ur seLt-Iing tank 12; hhen ciroLTsntTitlt rr th:t.» paste of llgniu 
coilida in e coiwecitimiaL cjinirrifttftaL separator \3 tn Form a wet 
cake of about 30 to 40X coildK; and then rftyixiR this wet cake tn 
toi'tn r uniform lflne, £?r«e 9 loving powder. 

in rji1.uf.Uig the residual black liquor r>om the Iluah tank 1.1 
wUb the water ana acfd to precipitate llfctliii, any crmvontlOAal 
water KoLubfn *oid can be utilise* which wtU provide the diluted 
rHKidool Made liquor v?tth a pfl oF lesu than abou! 3*0, 
preferably tun* than about 2.50. Km: example, a Rfcrnnfc mineral 
acid U.g-, hydrochloric, nlLTtc, sulfuric ox phosphoric acid) or 
a strong organic: *q\i} (c«&., dXrMc acid J can "be usscU Vrfci'er- 
ably, the water and acid are Fixed together beiforo they area URRd 
to dilute the residual black liquor. thifc r^ard, a particu- 
larly preferred fixture of acid and water Is. a residual bUck 
liquor supernatant, thet Ls derived From a pre vf nun batch of wood 
Chips and chat has beon recycled and LIBed I.'O dilute the. rofci.diml 
biRck liquor JUom the Ilaeh uoik ii after? o] the sjpumfltnnl: has* 
besti ao/jarcted frota the lij^iu sol ids irurn the previous batch of: 
fcond Chips U the BetLl Ltie5 1^ anJ C»nt.rifUftal fiepetfaLor 

1.3 j and 10 the Alcohol coutenL of the snpfirTiflfrant hoc been 
recovered in a convunMonal solvent re^awvy tower Ih provideri 
wltJi a convent: ! onat fiolvont condmiser 15 <x» described bclov. This 
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recycled re»>du**l black liquor supernatant ar stripper bosoms, 
wlieu xiKed Cor diluting Cue reftidual bitsck Uqw* from f:1w riasli 
tank II, provides hitfiec yUlda and faster settling oti Uj:iiln 
isoUiln prueLpitnting in Cliu fioLLliiim Unk 1.2 and p.entrf fugal 
separator 1.3- 

Vn pre.cinlt/iLlng LtgnCn Cran. Lhe rasLdlttl black Uquor rVoru 
the £Laafa tank LL, f.lif. rnur.kod of d Liu ting cbii residual blade 
Liquor wiirh the waLutf end acid alno i* no?. cri tices'l » so lonj* aft 
there. 1.9 rapid and Ultimata wf.ain* of! the residual black liquor 
with tbfe acid and watar. Per exaihpl*, the riss:idtial. Mack Liquor 
cat* be *uiL*bly dituLed by adding ic lo the acid and water in a 
conventional static dispersion mixer* The ml dual black liipior 
cap ai*o he dimr.ad by adding it ™ a finely divide* stream to a 
sirrah eutiip-ci *i.ng ft •nlutlcw <>f £he uufur and field, for avavpLa, 
by Aaaa* of a vonturi-type device, RtnArally 7-0, as *ho™ 
BchaniatiuaUy in tig- 2. The r«»id»«L black liquor ftom iUah 
tank il In Fig. 1 can be pumped through a jpimLL nosala 21 located 
at: about Lke ernibar o£ el nipe 22 [n the vwtfHTl-typa dfiyica 70 in 
Fig, an* the acid and water solute an can £low In the pipe 
toward* tha t^tcLlng tank L2 in Kig. L. An the raairiuaL black 
liquor is injected by tine nozzle. 11 into the acid and water 
yoLudoa In 'tha pip* 22, Lhe rauld-ual bleclc liquor la rapidly 
diluted find tooled by tha acid and w-r.er In the pipe ?.2. Mgiif.ii 
rapidly precipitates as Tine. .solids' from tha ramiltiuu diluted 
rial dual. Mark Hqum- in Lha plpa 22, which solids wo ha aaaMy 
collected and concentrated In the sectllnft tank 12 and ecntri- 
fogaL aeparaLnr f.3» 

In praoiplCatinit liftnin in aocol-dance with r?hi.R invention, 
the yJaJd and aaLtlln* xafcas of the ilftnla arc generally r 
function or: u> the mod autuiMJ b) tha preen**- conditions 
utilized in the extractor 2j c) the temperature, pll and solids 
canLanC of Ci) Lite residual black liqmir from Lhn Flash Lank U 
and (il> the acid water used r.o dilute It, and d) tha ratio 
of rwrldual black tixfjor to r.h K ar-id and water used r.o dilute r.t. 
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For ex*T»pl<s, the lignin from softwoods, such aG spruce, i* 
prKf«ably prDclpUuLiul *u a temperature after dilution nf shout 
40 to 60 Q c: ualnj> an acid and water solution with a pn of about 
1.5 l:o a«5 and fcrLth n ratio of rissldunf Made liquor to the ncttf 
And water KnUitUm ul a about D.S to about i. for hardwoods mid. h «b 
aypen, it J 5 preferred to use an acid atyj water fioLuLten with n 
pH of about 1.2 to 2.2 R nd a tiMiipurRciira after dHuLion of Ices 
Chan iiboMf. S0°c. In thie mgrcd, U Is preferred to use a r/itip 
of rHM-TdLUl black liquor to the acid fln d water uohiLinp of: a ) 
about 0«Z to 0.8 if the emptruLurc ftFtpr dilution is nhovc about 
4u"(!j W b) Rfeuut 0>& to L.D U! the ttinpi»ratiir.c after dilution 
i» Less than ahouL 4u°C <c-fe. f dawn 'to ambient temperature) . For 
hardwoods, met R* nraotflun, nipple acad n»k, ft. is preferred Co 
ugh a tesnperaturu after dilution oil about 40 to 60*1:, an acid and 
wat*r Aolvhion with a pit u f about 1.5 to and a raLfo of 

residual bUck Liquor tor the eicirl jeincl wLer mluclofi of about 
U.35 ho 0-?, 

A<j shown In Pig. i f rhe ctlunml. content ur the cUrrTfted 
residual black liquor su^niatHiiL From rtie setcUnp, tank 12 and 
centrifuge separate 13 i* preferably recovered in Lha mLvniih 
recovery tov&r l/i ano* solvent condenser 13. The aLhimol content 
oil <Lbe .supernatant can be stripped (e.g., riovrn to about 200 ppm) 
in * conventional wanner in the ftnlvBirt recovery fcnur&r 14 at 
auna spheric prisfiavre, Preferably fcbe ttiv/er H (c boated by 
hftALing and recycling e pert* on o£ the hot torn stream from the 
Lover 14 in a heat, exchanger 24, using the Low pressure, sttam 
used to atrip residual eCfannpl from tin; pulp in th* extractor 2. 
The ethaiiol /water v*pc,r3 from the tower 14 are condensed in a 
conventional manner In the waUer-coolcd condenser 15 lor 1>y h« fl h 
e*chang& with the stripper lecd) and ato tl>*o racye'lnd to the 
Ercish BolvenL Arcu*iutator 7 cogetW with Che ethanol /water mix- 
ture which condenm ixoTLi the Low pressure sEcmn in l.he heat 
exchanger 24. In accordance with tuts invention, thD etlumuL 
cnoi'ent. of tht: supero* tant frora the ecttlh^ L* m k 12. and 
ccntrifu^L fiB p«rator 13 can be suitably recovered In high yield 
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in a simple manner, without lignLu preen pi t.nU rift wfl.hin Lh« 
Kol.vwnL recovery rower 14 «ncl forming tarry or fcUiCirtiy deposits on 
the internal EuavfacoH of the Lower. 

ft portion of the bottom* strewn rRniovp.d f.rom i:hn smWenl. 
recovery tower l'i in j>tfeferal>J.y concentrated l.ti a conventional 
manner,, For example in mui Uulc i>IIci:L fiVRpQT/ir.orfl 26. In this 
step, nettling »i louLLnp oE £.Vir Reparation equipment; Is not. a 
eigntt: leant problem because there arc ilcj AiibRCanM at nmountR of. 
hlfcb (flcilecular wclfcht UkoIti in the bottoms stream from the 
solvent recovery Cower 14. Hie resulting Rvrup, CttfttAlfllAft 
heiricst Into bos to gather with small amount* o€ other »«.i:<:h/aTj.de3 » 
cxtrac tl ves ami vary low if.n lecn'l ai* mr i p,ht 1 I griifi f i « c , , 1 i &nLn 
with ft molecular weight of )CSS tfran abaut ^iOD ^/uinl), can be 
burned to recover its Eu£L vulue, uhbcI as animal feed, dt 
converted Co other chemical products, 

A second portion of the bottoms Htreeun removed firom ''■he 
Lo^er Ki preferably u&ed as the acid and water soluLion for 
diluting r.h* r&fcidual biacfc Liquor from i:ho filash rank 11 In 
ut'deir Lt> precipiLaLe. Lignln UiereJTOpi. T.n thlfi regard, the fieccsnd 
portion oJ: the bottoms stfeotfi iroji* the l.crwer Is preferably 
Cuoleri la « Lemper* Lure of Innn t:b.*n about 30°C, preferably abuut 
2*> to /*0°C (about 0 U € being a practical mini mm ) t and its pH f s 
adjusted, if nectary, La about 1.0 to f) hy adding <i strong 
cm tar KoLuble ac.vri ld i.L. Than, (.hi* cooLod and acidified second 
portion at the bottoms Gtraa/rj (hfci'fiiitbfif.ova called the "recycled 
hfnr.k I i ijiiair supernatant 11 } is Intimately and rapidly 
mtxeci fe-fc-, in the vent tu-1 -type device 20 o£ 2) with r:he 

residual black Liquor to dilute and cool the rGRldual black 
liquor and precipitate li&uin- 

The very pure LLsnin, which prcclpltat&A nft Kne aoHriA Froirt 
the diluted residual black liquor in Lhe settling tank 12, can be 
HubsKqnent^y removed ^om the centrifugal Kepar«tnr 13 and dried 
In a conventional manner to,K w by npin jflash drying) to form a 
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fine <<w;-j -AO mesh} uniform a trte flpvrinp, water iiiBohiblc 
powder. This lipnin can be character at having: a rfcilahf.val.y 
low number average noieeuluv weight o€ about 800 to 1500 g/inol, 
prefarMfely about 9UU Co 1300 &/mol ; a narrow molecular weight 
di8r.rI.LiUf.tODj » pplydt sper*i.l:y of. less Chan abouL 4, 

preferably no mort-. tixan about. 3, parri.culRrly only about 1*5 t.o 
1.7} and * methoxyl. crmCniit upproxi.nwO.1y &q\i*1 to this methoxyl 
content ul xsacive H»ain U-»-# ft bout Tor hardwoods and about 
14% fDr softwoods), Tbi» f Ltcvin hIbd tins a yUiHs trjnifcltion 
temperatures which is preferably about 100 to IVO U 0, parr.:iciO** ly 
about. 130 Lo 15r()°C, These chiiractL>ribties show, jUijrejf AlAi*r 
purity and lov deertc-i! of ehmirLcfil undtfilciir.lon of the Ugnin uE 
ChiR invention, Thi£ lignin can be used, tor example, as a phenol, 
formal .ctehyd* ruaxn extender In the rarnuiF nature o£ partie-le board 
and plywood. This llp,nlfi can also be used in tho rwnmf cicture 
molding compounds 1 urftfchgne and ^ppxy i:ES*iUSi anti n*i riant E , 
conLTnLlerl-reles.se tigeiittf and £luw Control agents. 

This i nveinti.mi and wany oT itK attendant advantages will be 
umlerfitood lirofii the l ! orep,o:l description, and r.t wfl I be 
t*pp«Tent that various modifications and obungOA cao be made In 
Che process for preci.pi tating ii[*nin wlfchoufc dnpctrbtng ^r<>in the 
uplrlL and Huupe oil the LnvoutLort or bacrificliifi all of 
material advantages, Lb* proce*» hereinbefore described bcinj* 
nieruly a pref&rr&d embodiment* For example, the process of this 
invention can alternatively be Carried r>ut l>y Btiparatfcly add! OR 
an acid aiul Witter to solution o+' "Mgotri tfS.ssol vpd tn « vmter 
niiactbLe organic sofv^nt to form, a diluted an>sc«mfi solution with 
a pll ol' lesb than about .1, an OTgsnlc solvent, connp.nfc of Less 
t'han about' 30£ zivi a eemperatur*! uf lea* Lhim abt>uC fiO 4 ^, froift 
whiuh dilutciJ AolifClm the ligiiia will v r ^ cJL P itatc &3 mi ft>TTn 
f.irm hoEIcIk, in Lhia r^ft^rdj th^. auid Can be KepnCiiCely added to 
the residual black liquor from Lhe Clash tanfc 11 in Fl£. 1 b>» 
adding Lha acid to thu prbiiary fiulvcnt ttom the primary solvent 
accumulator 1 before th« primary solvent i«i unnd in the extt'uctuf 
i Eor puLpiiiK wi^od oSUpc to producs rlu- blaok liquor (vih^ch 



http://patents 1 .ic.gcxa/cache/gif/0 1 267648dis. afp. 1 0.s0.25.r0.gif 



3/5/2004 



Page 1 of 1 



- Ll - 



fcfir.DmfcA> afJ.-er remove J of crhanal £u Lhe FTflKh tank J.J, the 
rGbLdual black liquor]. AUcij L:V»i? fJTOCQGB t>I thi* invention can 
be carried out with a t/atcr tnlfcfcibla ni^anic mrivorii: other than u 
lower dliphiitLc rilcohoL (jnrfsf r.rably ethantitlj such us acetones , 
glyr;vl. c>v BJ.yc&rol s or with. £i »£x£iii'k of such solvent b« Also, 
i;hla pvircjoeBS can bir uarried put with ligntn extracted from Any 
fibroufi plant mfllerialj sucti ac liinuton, b*flfl«*RP, and cevsal 
ahriiwii, and hot just wood. 
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in the Principal Discloaur© there ia shown a proautfu 
for rcacove^insr lignln from 13 solution of liijnin Lv\ a rater 

5 miscihle organic solvent to. f ptni a diluted aqueous ffolution 
with ft tuniparature of less than about 60 "C, this aflkbodliiiant 
• ha* slrica btieci modified to form a diluted aqueous solution 
wAth a temperature of Igbh than about 7S°C. 

•Xn accordance with the modified einbofiliiiGjrt liqnin 1b 

10 separated from tlie residual black liquor discharged from the 
flash tank 11 In a similar manner to that duBcribfid on page 5 
of the Principal Disclosure. I'Jih step is carried out. )jy 
diluting and preferably cooling the residual bVack liquor, as 
it leaveB the flash tank 11 r wi-th water and acid to form a 

15 diluted residual bl.ack liquor with) a) an alcohol content of 
iRSS.than about (by volume}, preferably about ill to 25ft, 
particularly about 12 to 21ft, v/ith an alcohol content of about 
8S b^ino a practical minimum Eor subsequently recovering the 
alcohol economically? r>J a temperature o£ Ikbb than about 7F>°C r 

20 prof &r ably Igbb tTian about 60 °C, particularly about 35 to 55 Q C; 
And c) a pH of 'UtfB than aboijfc 3, preferably leau than about 2. 
particularly ubuut 1.5 to 2.5, T71 thia step, particular tamper 
atvnres are not critical , although providing hltjhex temperatures 
in the diluted residual black liquor wiJl generally increase 

25 settling rates of the liguin but. will yiold a darker colaxod 
li^nin and ntay decrease its yieldR, About 75 *C 1b a maximum 
temperature to avoid tha formation Of tarry liynin precipitate* 
aw* ambient temperature {e.g. r about 20°C) ic a. practical mlni- 
muifl, although lower temperature© [e,g«, flovm to about 0*0 can 

3tl lie used if lov EQttling ratfcG can ba tolerated. TKjnpar atur*as 
below about 65 °C, particularly below about 60°C, provide a 
aignif ioantly lighter colored ligntn precipitate, also, par- 
ticular pff'a of .the diluted rosidual blacX liquor aro not 
critical in. this step, but lower pfl's increase; the yield at 

35 precipitated lhjnln from tha diluted r&sldunl black liquor 

and permit the use of higher temper at urea in the diluted resi- 
dual black liquor. 
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On paga 9 o£ the Principal DiHcLnsuro the very pure 
lignin ifi Bubgequcnt.ly removed from tha oentrilugal separator 
13 1 arid dried i,n R conventional manner la.o. by spin flaah 
drying}. In this embodiment LAcnin pan also be water- 

5 washed prior fco fcoing dxied in a conventional rwinnur, 

life hag butsn dieoove*;efl bhet when the closer ll>ea pro- 
cess is carried out -by separately adding an ncicl and water to 
a solution of llgnin dtasolvod in a waiter JBleeibie organic 
solvent La foum a diluted aqueous solution with a pH of! Le bh 

10 than about 3 ani an organic BnXvR'nk content of lean than about 
20* €rora v/hich diluted solution the iign\n will precipitate 
as uniform ft no solids, then (ttae prooasa can os carried out 
with a temper a tiixe of lees than aboufc 75"?:. 

15 
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